
ELECTROSTATIC CAPACITANCE SENSOR, ELECTROSTATIC CAPACITANCE 
SENSOR COMPONENT, OBJECT MOUNTING BODY AND OBJECT MOUNTING 

APPARATUS 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an electrostatic 
capacitance sensor, an electrostatic capacitance sensor 
component, an object mounting body and an object mounting 
apparatus, and more particularly, to an electrostatic 
capacitance sensor which is a nearby-object detecting sensor 

utilizing a variation in electrostatic capacitance and which 

^ ~ ^ 

can be utilized for an FA (Factory Automation) device, an 
inspecting device, a robot, a semiconductor manufacturing 
apparatus and the like, an electrostatic capacitance sensor 
component for such an electrostatic capacitance sensor, an 
object mounting body including such an electrostatic 
capacitance sensor component, and an object mounting 
apparatus having such an electrostatic capacitance sensor. 

2. Description of the Related Art 

Fig. 15 shows a sensor and a front stage of an amplifier 
of a conventional electrostatic capacitance nearby-object 
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detector described in Japanese Patent Application Laid-open 
No. H7-29467 . In Fig. 15, a sensor 111 comprises a 
three-layer printed substrate 112. A first layer pattern 
formed on one face of the printed substrate 112 is a detecting 
electrode 112a disposed to be opposed to an object detecting 
region. An inside pattern of the printed substrate 112 is 
a second layer pattern for shielding the detecting electrode 
112a, i.e., an in-phase shield pattern 112b. A third layer 
pattern formed on the other face of the printed substrate 112 
is a shield earth pattern 112c. The shield earth pattern 112c 
is a pattern for reducing an influence of noise from outside 
acting on the detecting electrode 112a and the in-phase shield 
pattern 112b. The patterns 112a and 112b are respectively 
connected to a core wire and a coated wire of the shield cable 
113, and connected to a side of a main circuit 114. In the 
main circuit 114, the core wire to which the detecting 
electrode 112a is connected is connected to an input terminal 
of a buffer circuit 115. An output terminal of the buffer 
circuit 115 is connected to the coated wire of the shield cable 
113, and connected to an input terminal of a Schmitt trigger 
circuit 116. ^A feedback resistance R is connected between 
an output terminal of the Schmitt trigger circuit 116 and an 
input terminal of the buffer circuit 115. 

If a grounded object approaches the detecting electrode 



112a, an electrostatic capacitance Cd therebetween is 
increased. The buffer circuit 115 and the Schmitt trigger 
circuit 116 constitute an oscillation circuit 117 which 
oscillates with the electrostatic capacitance Cd and the 
feedback resistance R as the time constant components, and 
an output of the oscillation circuit 117 is connected to a 
periodic counter 118. The periodic counter 118 measures an 
oscillating period of the oscillation circuit 117, and an 
output of the periodic counter 118 is applied to a linearizer 
119. The linearizer 119 linearizes a periodical variation 
to be a variation in a distance to the object. An output of 
the linearizer 119 is input to a display circuit 120 and a 
comparison circuit 121. The comparison circuit 121 
discriminates input signals with respect to a predetermined 
threshold value, and a judging signal indicative of whether 
there exists an object is output from an output circuit 122. 

According to the above structure, since the detecting 
electrode 112a and the in-phase shield pattern 112b are 
connected to the input and output terminals of the buffer 
circuit 115 through the shield cable 113, the detecting 
electrode 112a and the in-phase shield pattern 112b are always 
at the same phase and same voltage. Therefore, the detecting 
electrode 112a does not receive an influence of the 
electrostatic capacitance between the detecting electrode 
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112a and the in-phase shield pattern 112b. Thus, a sensor 
section having the detecting electrode and an electronic 
circuit section can be separated from each other by the shield 
cable 113. 

As described above, according to Japanese Patent 
Application Laid-open No. H7-29467, the sensor comprises the 
first layer pattern 112a of the detecting electrode for 
detecting the object, the second layer pattern 112b for the 
shield, and the grounded third layer electrode pattern. The 
amplifier and the detecting electrode are connected through 
the shield cable 113 , and the separate ground wire is provided. 
This structure has the following problems : 

(1) This structure requires a detecting electrode wire, 
a shield wire and a grounding wire, and the structure is 
complicated and the cost is increased. 

(2) This structure requires a detecting electrode, a 
shield electrode and a grounding electrode, and the structure 
is complicated and the cost is increased. 

SUMMARY OF THE INVENTION 
It is, therefore, a main object of the present invention 
to provide an electrostatic capacitance sensor of a simple 
structure, an electrostatic capacitance sensor component for 
such an electrostatic capacitance sensor, an object mounting 



body including such an electrostatic capacitance sensor 
component, and an object mounting apparatus having such an 
electrostatic capacitance sensor. 

According to a first aspect of the present invention, 
there is provided an electrostatic capacitance sensor, 
comprising 

an electrostatic capacitance detector, 

an operational amplifier in which a feedback impedance 
circuit is connected between an output terminal and an inverse 
input terminal of the operational amplifier, 

a signal line connected between the inverse input 
terminal of the operational amplifier and the electrostatic 
capacitance detector , 

an alternating-current signal generator connected to 
a non-inverse input terminal of the operational amplifier, 
and 

a shield for shielding at least a portion of the signal 
line, the shield being connected to the non-inverse input 
terminal of the operational amplifier and the 
alternating-current signal generator, wherein 

the electrostatic capacitance detector comprises a 
detecting electrode and a shield electrode, 

the detecting electrode comprises a detector-detecting 



electrode for detecting an object to be detected and an 
electrode introducer-detecting electrode for introducing an 
electrode to the detector-detecting electrode, 

the shield electrode is connected to the shield, and 
at least a portion of the electrode introducer- 
detecting electrode is shielded by the shield electrode. 

According to a second aspect of the present invention, 
there is provided an object mounting body for mounting an 
object to be mounted, comprising a detecting electrode and 
a shield electrode, wherein 

the detecting electrode comprises a detector-detecting 
electrode for detecting an object to be detected and an 
electrode introducer-detecting electrode for introducing an 
electrode to the detector-detecting electrode, 

the detecting electrode and the shield electrode are 
flat plate-like electrodes and laminated such that they become 
layers different from each other, and 

the detecting electrode and the shield electrode are 
provided such that the detecting electrode and the shield 
electrode are not superposed, and at least a portion of the 
electrode introducer-detecting electrode and the shield 
electrode are superposed as viewed from the laminated 
direction of the detecting electrode and the shield electrode. 



According to a third aspect of the present invention, 
there is provided an electrostatic capacitance sensor 
component, comprising an electrostatic capacitance detector 
having a detecting electrode and a first shield electrode, 
and a flat plate-like second shield electrode laminated with 
the detecting electrode such that the second shield electrode 
and the detecting electrode become layers different from each 
other, wherein 

the detecting electrode comprises a detector-detecting 
electrode for detecting an object to be detected and an 
electrode introducer-detecting electrode for introducing an 
electrode to the detector-detecting electrode, 

the detector-detecting electrode is a flat plate-like 
electrode, the detecting electrode and the first shield 
electrode are provided such that at least a portion of the 
first shield electrode is located on a side of the 
detector- detect ing electrode as viewed from a direction 
perpendicular to a main face of the flat plate-like electrode , 
and 

the detecting electrode and the second shield electrode 
are provided such that the detecting electrode and the second 
shield electrode are not superposed, and at least a portion 
of the electrode introducer-detecting electrode and the 
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second shield electrode are superposed as viewed from the 
laminated direction . 

According to a fourth aspect of the present invention, 
there is provided an electrostatic capacitance sensor 
component comprising an electrostatic capacitance detector 
having a detecting electrode and a first shield electrode, 
and a flat plate-like second shield electrode laminated with 
the detecting electrode such that the second shield electrode 
and the detecting electrode become layers different from each 
other, wherein 

the detecting electrode comprises a detector-detecting 
electrode for detecting an object to be detected and an 
electrode introducer- detecting electrode for introducing an 
electrode to the detector-detecting electrode, 

the detector-detecting electrode is a flat plate-like 
electrode, the detecting electrode and the first shield 
electrode are provided such that at least a portion of the 
first shield electrode is located on a side of the 
detector-detecting electrode as viewed from a direction 
perpendicular to amain face of the flat plate-like electrode, 
and 

the detecting electrode and the second shield electrode 
are provided such that the detector-detecting electrode and 
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the electrode introducer-detecting electrode are superposed 
above the second shield electrode as viewed from the laminated 
direction of the detecting electrode and the shield electrode. 



According to a fifth aspect of the present invention, 
there is provided an object mounting apparatus, comprising 

an object mounting body for mounting an object, 

at least two object detecting electrodes mounted to the 
object mounting body, and 

at least two detecting circuits respectively connected 
to the at least two object detecting electrodes, wherein 

each of the two detecting circuits comprises 

an operational amplifier in which a feedback impedance 
circuit is connected between an output terminal and an inverse 
input terminal of the operational amplifier, 

a signal line connected between the inverse input 
terminal of the operational amplifier and one of the at least 
two object detecting electrodes, 

an alternating-current signal generator connected to 
a non-inverse input terminal of the operational amplifier, 
and 

a shield for shielding at least a portion of the signal 
line, the shield being connected to the non-inverse input 
terminal of the operational amplifier and the 
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alternating-current signal generator . 



According to a sixth aspect of the present invention, 
there is provided an object mounting apparatus, comprising 

an object mounting body for mounting an object, 

at least two object detecting electrodes mounted to the 
object mounting body, 

an operational amplifier in which a feedback impedance 
circuit is connected between an output terminal and an inverse 
input terminal of the operational amplifier, 

a signal line connected to the inverse input terminal 
of the operational amplifier, 

an alternating -current signal generator connected to 
a non-inverse input terminal of the operational amplifier, 

a shield for shielding at least a portion of the signal 
line, the shield being connected to the non-inverse input 
terminal of the operational amplifier and the 
alternating-current signal generator, and 

a switch for switching connections between the signal 
line and the at least two object detecting electrodes and 
capable of connecting the signal line to any one of the at 
least two object detecting electrodes- 



BRIEF DESCRIPTION OF THE DRAWINGS 
The above and further objects, features and advantages 
of the present invention will become more apparent from the 
following detailed description taken in conjunction with the 
accompanying drawings, wherein: 

1/ Fig. 1 is a schematic partial transversal sectional view 
for explaining a transfer arm having a semiconductor 
wafer-detecting function according to a first embodiment of 
the present^ invention; 

Figs. 2A and 2B are schematic longitudinal sectional 
views for explaining the transfer arm having the semiconductor 
wafer-detecting function according to the first embodiment 
of the present invention, wherein Fig. 2A is a schematic 
longitudinal sectional view taken along the line AA ' of Fig. 
1 , and Fig . 2B is a schematic longitudinal sectional view taken 
along the line BB ' of Fig. 1; 

\/ Fig, 3 is a schematic partial transversal sectional view 
for explaining a transfer arm having a semiconductor 
wafer-detecting function according to a second embodiment of 
the present invention; 

Figs. 4A and 4B are schematic longitudinal sectional 
views for explaining the transfer arm having the semiconductor 
wafer-detecting function according to the second embodiment 
of the present invention, wherein Fig. 4A is a schematic 



longitudinal sectional view taken along the line CC ' of Fig, 
3 , and Fig . 4B is a schematic longitudinal sectional view taken 
along the line DD ' of Fig, 3; 
^^^wv Fig. 5 is an enlargement of Fig. 3, and a schematic 



partial transversal sectional view for explaining a transfer 
arm having the semiconductor wafer-detecting function 
according to the second embodiment of the present invention; 

Figs. 6A, 6B and 6C are schematic partial transversal 



sectional views for explaining detecting operation of a wafer 



by the transfer arm having the semiconductor wafer-detecting 
function according to the second embodiment of the invention; 

Fig. 7 is a schematic partial plan view for explaining 
a transfer arm having a semiconductor wafer-detecting 
function according to a third embodiment of the invention; 



Figs, 8A, 8B, 8C, 8D and 8E are schematic partial plan 
views for explaining modifications of the transfer arm having 
the semiconductor wafer-detecting function according to the 
thir d embodiment of the invention; 

Fig, 9 is a circuit diagram for showing a first example 
of an impedance- voltage (Z/V) conversion device according to 



the first to third embodiments of the present invention; 

Fig. 10 is a graph showing one example of a relation 
between Cx and an output voltage Vo obtained by an experiment 



in which impedance to be detected is formed to be a^^^&et^d 



to be aA fe ' Q^PQ^<s«? ''t» > fe 
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component in a Z/V conversion device according to the first 
to third embodiments of the present invention; 

Fig, 11 is a circuit diagram showing a second example 
of the Z/V conversion device according to the first to third 
embodiments of the present invention; 

Figs. 12A and 12B are graphs showing test results 
obtained when influences caused by noises are verified by an 
actual machine test using the circuit of the first example 
and the circuit of the second example; 

1/ Fig. 13 is a circuit diagram showing a third example 
of the Z/V conversion device according to the first to third 
embodiments of the present invention; 

Fig. 14 is a circuit diagram when an electrostatic 
capacitance is employed as an impedance component to be 
detected, and a resistance is employed as a feedback impedance 
circuit in the circuit of the first example; and 

Fig. 15 is a diagram showing a conventional 
electrostatic capacitance nearby-object detecting sensor. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(1st embodiment) 

Referring to Figs . 1 , 2A and 2B , a transfer arm 10 having 
a wafer-detecting function comprises an insulator 11, a 
detecting electrode 32 and shield electrodes 21, 31 and 41. 
The insulator 11 is integrally formed with insulator layers 
12 to 16. A thickness of each of the insulator layers 12 to 
16 is 0.5 mm. The insulator layer 12 is formed with the shield 
electrode 21, the insulator layer 14 is formed with the 
detecting electrode 32 and the shield electrode 31, and the 
insulator layer 16 is formed with the shield electrode 41. 
The insulator layer 14 is laminated above the insulator layer 
16 with the insulator layer 15 interposed therebetween, and 
the insulator layer 12 is laminated above the insulator layer 
14 with the insulator layer 13 interposed therebetween. 

The transfer arm 10 having the wafer-detecting function 
was formed in such a manner that sheets of alumina-based 
ceramics were formed by a sheet forming method, electrodes 
were formed on the sheets by a screen printing method, the 
sheets were positioned and laminated on one another, the 
sheets were cut into an arm-shape, and the sheets were sintered 
simultaneously . 

Next, structures of the detecting electrode 32 and the 
shield electrodes 21, 31, 41 of the thus manufactured transfer 



arm 10 having the wafer-detecting function and a positional 
relationship between these electrodes will be explained. 

The detecting electrode 32 and the shield electrode 31 
are formed above the shield electrode 41 through the insulator 
layer 15, and the shield electrode 21 is formed above the 
detecting electrode 32 and the shield electrode 31 through 
the insulator layer 13. 

The detecting electrode 32 comprises a circular 
detector-detecting electrode 322 for detecting an object to 
be detected (which will be referred to as "to-be detected 
object" hereinafter), and an electrode introducer-detecting 
electrode 321 for introducing an electrode to the 
detector-detecting electrode 322, The shield electrode 31 
and the detecting electrode 32 are provided in the same layer. 
The shield electrode 31 surrounds the detecting electrode 32 
in a direction parallel to the main face of the detecting 
electrode 32. The shield electrode 31 comprises a 
detector- shield electrode 312 and an electrode 
introducer- shield electrode 311. The detector- shield 
electrode 312 surrounds the detector- detecting electrode 322 
in a direction parallel to a main face of the detecting 
electrode 32. The insulator 11 exists between the 
detector- shield electrode 312 and the detector-detecting 
electrode 322. The two electrode introducer- shield 



electrodes 311 are provided at both sides of the electrode 
introducer-detecting electrode 321 in parallel thereto in a 
direction parallel to the main face of the detecting electrode 
32. The insulator 11 exists between the electrode 
introducer- shield electrodes 311 and the electrode 
introducer-detecting electrode 321 . 

The shield electrode 21 comprises an electrode 
introducer-shield electrode 211. The electrode 

introducer- shield electrode 211 is provided to be faced with 
the electrode introducer-detecting electrode 321 and the 
electrode introducer- shield electrodes 311 provided at the 
both sides of the electrode introducer-detecting electrode 
321. The insulator 11 exists between the electrode 
introducer-shield electrode 211, and the following 
electrodes of the electrode introducer-detecting electrode 

321 and the electrode introducer- shield electrodes 311 
provided at the both sides thereof. The shield electrode 21 
is not opposed to the detector-detecting electrode 322, and 
the detector-detecting electrode 322 is exposed from the 
shield electrode 21. Therefore, a to-be detected object can 
be detected by measuring ayRJuya'CJ."!*^ value formed between the 
to-be detected object and the detector-detecting electrode 

322 . 

The shield electrode 41 comprises a detector- shield 
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electrode 412 and an electrode introducer- shield electrode 
411. The detector- shield electrode 412 is provided to be 
faced with the detector-detecting electrode 321 and the 
detector- shield electrode 312 located around the 
detector-detecting electrode 321. The electrode 

introducer-shield electrode 411 is provided to be faced with 
the electrode introducer-detecting electrode 321 and the 
electrode introducer- shield electrodes 311 located at both 
sides of the electrode introducer-detecting electrode 321. 
The insulator 11 exists between the shield electrode 41, and 
the following electrodes of the detecting electrode 32 and 
the shield electrode 31. 

In the present embodiment, using a Z/V conver sion 
(impedance-voltage conversion) device including an 
operational amplifier which will be explained afterward, the 
detecting electrode 32 is connected to an inverse input 
terminal of the operational amplifier, and the shield 
electrodes 21, 31 and 41 are connected to the non-inverse input 
terminal of the operational amplifier. Since the two input 
terminals (the inverse input terminal and the non-inverse 
input terminal) of the operational amplifier are in an 
imaginary short state, the detecting electrode 32 and the 
shield electrodes 21, 31 and 41 are at the same electric 
potential. Therefore, it is possible to obtain a voltage 



which relies only on a value of an impedance component 



detector-detecting electrode 322 and the to-be detected 



between the detecting electrode 32 and the shield electrodes 
21, 31 and 41, and it is possible to convert Z/V with high 
precision (even if the impedance value is very large, i.e. 



As a result, as compared with the technique described 
in the above-described Japanese Patent Application Laid-open 
No. H7-29467, no ground line is required, which reduces the 
costs, and no ground electrode is required, which also reduces 
the costs. 

Further, as described above, since the detector- 
detecting electrode 322 is surrounded by the detector- shield 
electrode 312 in the direction parallel to the main face of 
the detecting electrode 32, an object existing in a lateral 
direction of the transfer arm 10 having the wafer-detecting 
function is not detected, and the detecting performance of 
the arm 10 is enhanced. 

As described above, since the detector- shield electrode 
412 is provided directly below the detector-detecting 
electrode 322, the detecting function of the detector- 
detecting electrode 322 is not influenced by a to-be detected 




in the present embodiment) formed by the 



object without being influenced by a parasiti 




formed 



^•afp^rc^Tr^value is very small). 



18 



object existing below the transfer arm 10 having the 
wafer-detecting function, and the detecting performance of 
the arm 10 is enhanced- Even if a plurality of transfer arms 
10 having the wafer-detecting function are disposed in a 
vertical direction, a certain transfer arm 10 detects only 
a subject which is disposed directly above the detector- 
detecting electrode 322, and the performance of the arm 10 
is enhanced. 

As described above, in the present embodiment, the 
detecting electrode 32 and the shield electrodes 21, 31 and 
41 are at the same potential, and it is possible to obtain 
a voltage which relies only on a value of an impedance 
component (ei^p^ae^!*^ value in the present embodiment) formed 
by the detector-detecting electrode 322 and the to-be detected 
object without being influenced by a parasitic capacity formed 
between the detecting electrode 32 and the shield electrodes, 
21, 31 and 41, and it is possible to convert Z/V with high 
precision (even if the impedance value is very large, i.e. 
•o a p a o"i 4i " ^ V a 1 u e is very small). Since the sensor circuit can 
detect the electrostatic capacitance with high precision, the 
sensor may not be very sensitive, and the electrode structure 
can be simplified- Thus, the transfer arm 10 having the 
wafer-detecting function may be provided with the detecting 
electrode 32 only, and even if only one of the shield 



electrodes 21, 31 and 41 is provided, the performance of the 
arm is enhanced. Therefore, the arm can be formed by 
providing a detecting electrode and a shield electrode on one 
face of only one ceramics substrate to form the arm, and the 
arm can also be formed by baking electrodes on both faces of 
one ceramics substrate. 

The transfer arm 10 having the wafer-detecting function 
of the above-described present embodiment was formed. 
Referring to Fig. 1, a width "a" of the electrode 
introducer- shield electrode 211 was set to 30 mm, a width "b" 
of the shield electrode 31 was set to 6 mm , a width "d" of 
the electrode introducer-detecting electrode 321 was set to 
12 mm, a distance "c" between the electrode introducer- shield 
electrode 311 and the electrode introducer-detecting 
electrode 321 was set to 4 mm, a diameter "f" of the 
detector-detecting electrode 322 was set to 50 mm, an outer 
diameter "g" of the detector- shield electrode 312 was set to 
70 mm, a width "e" of the electrode introducer- shield 
electrode 411 was set to 30 mm, and a diameter "h" of the 
detector- shield electrode 412 was set to 70 mm. 

The detecting electrode 32 of the transfer arm 10 having 
the wafer-detecting function formed in this manner was 
connected to a signal line 5 of the Z/V conversion apparatus 

^ — — — ■ ^ 

shown in Fig. 9, the shield electrodes 21, 31 and 41 of the 



transfer arm 10 having the wafer-detecting function were 
connected to the shield 7, and a subject (in this case, a 
silicon wafer) was detected. As a result, a sufficiently 
recognizable variation in the output voltage of the circuit 
was able to be confirmed (a variation in the output voltage 
of several mV (millivolt) was confirmed when the wafer came 
close, and a variation in the output voltage of hundreds mV 
was confirmed when the wafer came into contact) when the wafer 
came into contact with an upper face of the arm 10 (e.g., a 
side of the arm 10 on which the circular detector-detecting 
electrode 322 was not shielded) or when the wafer approached 
the upper face of the arm 10 to be within several cm. On the 
other hand, when the wafer approached or came into contact 
a back face of the arm 10 (a side of the arm 10 on which the 
detector-detecting electrode 322 was shielded) , no variation 
was confirmed. The above detecting results for the upper and 
back faces of the arm 10 confirmed an effective detecting 
effect . 

( 2nd embodiment ) 



Referring to Figs . 3, 4A, 4B,5, 6A, 6Band6C, a transfer 



arm 1010 havin g a wafer-detecting function of the second 

embodiment comprises an insulator 1011, and four sensor 
electrodes 1020, 1030, 1040 and 1050. Insulator layers 1012 





to 1016 are integrally formed to constitute the insulator 1011 . 
A thickness of each of the insulator layers 1012 to 1016 is 
0.5 mm. The sensor electrode 1020 comprises a detecting 
electrode 1022, and shield electrodes 1021, 1023 and 1024. 
The sensor electrode 1030 comprises a detecting electrode 1032 
and shield electrodes 1031, 1033 and 1034. The sensor 
electrode 1040 comprises a detecting electrode 1042 and shield 
electrodes 1041, 1043 and 1044. The sensor electrode 1050 
comprises a detecting electrode 1052 and shield electrodes 
1051, 1053 and 1054. The insulator layer 1012 is formed with 
shield electrodes 1021, 1031, 1041 and 1051. The insulator 
layer 1014 is formed with detecting electrodes 1022, 1032, 
1042 and 1052 and shield electrodes 1023, 1033, 1043 and 1053. 
The insulator layer 1016 is formed with shield electrodes 1024, 
1034, 1044 and 1054. The insulator layer 1014 is laminated 
above the insulator layer 1016 with the insulator layer 1015 
interposed therebetween. The insulator layer 1012 is 
laminated above the insulator layer 1014 with the insulator 
layer 1013 interposed therebetween. 

The transfer arm 1010 having the wafer-detecting 
function was formed in such a manner that sheets of 
alumina-based ceramics were formed by a sheet forming method, 
electrodes were formed on the sheets by a screen printing 
method, the sheets were positioned and laminated on one 



another, the sheets were cut into an arm- shape, and the sheets 
were sintered simultaneously. 

Next, the structure of the four sensor electrodes 1020, 
1030, 1040 and 1050 of the thus formed transfer arm 10 having 
the wafer-detecting function and the positional relationship 
between these electrodes will be explained. 

Since the four sensor electrodes 1020, 1030, 1040 and 
1050 have substantially the same structures, an explanation 
will be made while taking the case of the sensor electrode 
1020 . 

The detecting electrode 1022 and the shield electrode 
1023 are formed above the shield electrode 1024 through the 
insulator layer 1015, and the shield electrode 1021 is formed 
above the detecting electrode 1022 and the shield electrode 
1023 through the insulator layer 1013. 

The detecting electrode 1022 comprises a circular 
detector-detecting electrode 1222 for detecting a to-be 
detected object, and an electrode introducer-detecting 
electrode 1221 for introducing an electrode to the 
detector-detecting electrode 1222. The shield electrode 
1023 and the detecting electrode 1022 are provided in the same 
layer. The shield electrode 1023 surrounds the detecting 
electrode 1022 in a direction parallel to the main face of 
the detecting electrode 1022. The shield electrode 1023 



comprises a detector- shield electrode 1232 and an electrode 
introducer-detecting electrode 1231. The detector- shield 
electrode 1232 surrounds the detector-detecting electrode 
1222 in a direction parallel to a main face of the detecting 
electrode 1022. The insulator 1011 exists between the 
detector-shield electrode 1232 and the detector-detecting 
electrode 12 22 . The two electrode introducer- shield 
electrodes 1231 are provided at both sides of the electrode 
introducer -detecting electrode 12 21 in parallel thereto in 
a direction parallel to the main face of the detecting 
electrode 1022. The insulator 1011 exists between the 
electrode introducer- shield electrodes 1231 and the 
electrode introducer-detecting electrode 1221. 

The shield electrode 1021 comprises an electrode 
introducer- shield electrode 1211. The electrode 

introducer-shield electrode 1211 is provided to be faced with 
the electrode introducer-detecting electrode 1221 and the 
electrode introducer- shield electrodes 1211 provided at the 
both sides of the electrode introducer- detecting electrode 
1221. The insulator 1011 exists between the electrode 
introducer- shield electrode 1211, and the following 
electrodes of the electrode introducer -detecting electrode 
1221 and the electrode introducer- shield electrodes 1231 
provided at the both sides thereof. The shield electrode 1021 



is not opposed to the detector-detecting electrode 1222, and 
the detector-detecting electrode 1222 is exposed from the 
shield electrode 1021. Therefore, a to-be detected object 
can be detected by measuring ^jp^^^ gCT^^ ^alue formed between 



the to-be detected object and the detector-detecting 
electrode 1222. 

The shield electrode 1024 comprises a detector- shield 
electrode 1242 and an electrode introducer- shield electrode 
1241. The detector- shield electrode 1242 is provided to be 
faced with the detector-detecting electrode 1222 and the 
detector- shield electrode 1232 located around the 
detector-detecting electrode 1222. The electrode 

introducer- shield electrode 1241 is provided to be faced with 
the electrode introducer-detecting electrode 1221 and the 
electrode introducer-detecting electrodes 1231 located at 
the both sides of the electrode introducer-detecting 
electrode 1221. The insulator 1011 exists between the shield 
electrode 1024, and the following electrodes of the detecting 
electrode 1022 and the shield electrode 1023. 

The sensor electrode 1030 comprises a detecting 
electrodes 1032 and shield electrodes 1031, 1033 and 1034. 
The detecting electrode 1032 comprises a circular 
detector-detecting electrode 1322 for detecting the to-be 
detected object, and an electrode introducer-detecting 
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electrode 1321 for introducing an electrode to the 
detector-detecting electrode- The shield electrode 1031 
comprises an electrode introducer- shield electrode 1311, the 
shield electrode 1033 comprises a detector- shield electrode 
1332 and an electrode introducer- shield electrode 1331. The 
shield electrode 1034 comprises a detector- shield electrode 
1342 and an electrode introducer- shield electrode 1341. 

The sensor electrode 1040 comprises a detecting 
electrodes 1042 and shield electrodes 1041, 1043 and 1044. 
The detecting electrode 1042 comprises a circular 
detector-detecting electrode 1422 for detecting the to-be 
detected object, and an electrode introducer-detecting 
electrode 1421 for introducing an electrode to the 
detector-detecting electrode. The shield electrode 1041 
comprises an electrode introducer- shield electrode 1411, the 
shield electrode 1043 comprises a detector- shield electrode 
1432 and an electrode introducer- shield electrode 1431. The 
shield electrode 1044 comprises a detector- shield electrode 
1442 and an electrode introducer- shield electrode 1441. 

The sensor electrode 1050 comprises a detecting 
electrodes 1052 and shield electrodes 1051, 1053 and 1054. 
The detecting electrode 1052 comprises a circular 
detector-detecting electrode 1522 for detecting the to-be 
detected object, and an electrode introducer-detecting 



electrode 1521 for introducing an electrode to the 
detector-detecting electrode. The shield electrode 1051 
comprises an electrode introducer- shield electrode 1511, the 
shield electrode 1053 comprises a detector- shield electrode 
1532 and an electrode introducer- shield electrode 1531. The 
shield electrode 1054 comprises a detector- shield electrode 
1542 and an electrode introducer- shield electrode 1541. 

Since these sensor electrodes 1030, 1040 and 1050 have 
substantially the same structures as that of the sensor 
electrode 1020, explanation thereof will be omitted. 

In the present embodiment, four Z/V conversion 
( impedance- voltage conversion) devices each including an 
operational amplifier which will be explained later are used 
as the C/V conversion (electrostatic capacitance- voltage 
conversion) device. The sensor electrode 1020 is connected 
to a C/V conversion device 1101, the sensor electrode 1030 
is connected a C/V conversion device 1102, the sensor 
electrode 1040 is connected a C/V conversion device 1103, and 
the sensor electrode 1050 is connected a C/V conversion device 
1104. That is, the detecting electrode 1022 is connected to 
an inverse input terminal of an operational amplifier of the 
C/V conversion device 1101, and the shield electrodes 1021, 
1023 and 1024 are connected to a non-inverse input terminal 
of the operational amplifier of the C/V conversion device 1101 . 



Further, the detecting electrode 1032 is connected to an 
inverse input terminal of an operational amplifier of the C/V 
conversion device 1102, and the shield electrodes 1031, 1033 
and 1034 are connected to a non-inverse input terminal of the 
operational amplifier of the C/V conversion device 1102. 
Further, the detecting electrode 1042 is connected to an 
inverse input terminal of an operational amplifier of the C/V 
conversion device 1103, and the shield electrodes 1041, 1043 
and 1044 are connected to a non-inverse input terminal of the 
operational amplifier of the C/V conversion device 1103. 
Further, the detecting electrode 1052 is connected to an 
inverse input terminal of an operational amplifier of the C/V 
conversion device 1104, and the shield electrodes 1051, 1053 
and 1054 are connected to a non-inverse input terminal of the 
operational amplifier of the C/V conversion device 1104. 

Since the two input terminals (the inverse input 
terminal and the non-inverse input terminal) of each of the 
operational amplifiers of the C/V conversion devices 1101 to 
1104 are in an imaginary short state, the detecting electrode 
1022 and the shield electrodes 1021, 1023 and 1024 are at the 
same electric potential, the detecting electrode 1032 and the 
shield electrodes 1031, 1033 and 1034 are at the same electric 
potential, the detecting electrode 1042 and the shield 
electrodes 1041, 1043 and 1044 are at the same electric 
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potential, and the detecting electrode 1052 and the shield 
electrodes 1051, 1053 and 1054 are at the same electric 
potential. Therefore, it is possible to obtain a voltage 
which relies only on a value of an impedance component 



detector-detecting electrode 1222, 1322, 1422 and 1522 and 
the to-be detected object without being influenced by a 
parasitic capacity formed between the detecting electrode 
1022, 1032, 1042 and 10 52 and the shield electrodes 1021, 1023, 
1024, 1031, 1033, 1034, 1041, 1043, 1044, 1051, 1053 and 1054, 
and it is possible to convert Z/V with high precision (even 
if the impedance value is very large, i,e- capacity value is 
very small) . 

As a result, as compared with the technique described 
in the above-described Japanese Patent Application Laid-open 
No. H7-29467, no ground line is required, which reduces the 
costs, and no ground electrode is required, which also reduces 
the costs. 

Further, as described above, since the detector- 
detecting electrode 1222 is surrounded by the detector- shield 
electrode 1232 in the direction parallel to the main face of 
the detecting electrode 1022, the detector-detecting 
electrode 1322 is surrounded by the detector- shield electrode 
1332 in the direction parallel to the main face of the 




in the present embodiment) formed by the 



detecting electrode 1032, the detector-detecting electrode 
1422 is surrounded by the detect or- shield electrode 1432 in 
the direction parallel to the main face of the detecting 
electrode 1042, and the detector-detecting electrode 1522 is 
surrounded by the detector- shield electrode 1532 in the 
direction parallel to the main face of the detecting electrode 
1052 , an object existing in a lateral direction of the transfer 
arm 1010 having the wafer-detecting function is not detected, 
and the detecting performance of the arm 1010 is enhanced. 

As described above, since the detector- shield electrode 
1242 is provided directly below the detector-detecting 
electrode 1222, the detector- shield electrode 1342 is 
provided directly below the detector-detecting electrode 
1322, the detector-shield electrode 1442 is provided directly 
below the detector-detecting electrode 1422, and the 
detector- shield electrode 1542 is provided directly below the 
detector-detecting electrode 1522, the detecting function 
of the detector-detecting electrodes 1222 , 1322, 1422 and 1522 
is not influenced by a to-be detected object existing below 
the transfer arm 1010 having the wafer-detecting function, 
and the detecting performance of the arm 1010 is enhanced. 
Even if a plurality of transfer arms 1010 having the 
wafer- detecting function are disposed in a vertical direction , 
a certain transfer arm 1010 detects only a subject which is 
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disposed directly above the detector-detecting electrode 
1222, 1322, 1422 and 1522 and the performance of the arm 1010 
is enhanced. 

As described above, in the present embodiment, the 
detecting electrode 1022 and the shield electrodes 1021, 1023 
and 1024 are at the same potential, the detecting electrode 
1032 and the shield electrodes 1031, 1033 and 1034 are at the 
same potential, the detecting electrode 1042 and the shield 
electrodes 1041, 1043 and 1044 are at the same potential, and 
the detecting electrode 1052 and the shield electrodes 1051, 
1053 and 1054 are at the same potential, and therefore it is 
possible to obtain a voltage which relies only on a value of 
an impedance component ( eo p acd r ^^ value in the present 
embodiment) formed by each of the detector-detecting 
electrodes 1222, 1322, 1422 and 1522 and each to-be detected 
object without being influenced by a parasit ieyp ayacl by formed 
between these detecting electrodes and these shield 
electrodes, and it is possible to convert Z/V with high 
precision (even if the impedance value is very large, i.e. 
■c-trporg - da i ife ^ value is very small). 

Since the C/V conversion circuits used in the present 
embodiment can detect the electrostatic capacitance with high 
precision, the sensor may not be very sensitive, and an area 
of the sensor electrode can be reduced to a small value- If 
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the sensor electrode is made relatively smaller, a variation 
ratio of the electrostatic capacitance when a deviation of 
the to-be detected object is detected can be made greater, 
and a detection sensibility of deviation is enhanced* 

In the present embodiment, a semiconductor silicon 
wafer 1060 was used as a to-be detected object. Four 
detector-detecting electrodes 1222, 1322, 1422, 1522 were 
provided on the transfer arm 1010 having the wafer-detecting 
function such that when the semiconductor silicon wafer 1060 
was mounted on the transfer arm 1010 having the wafer- 
detecting function and the semiconductor silicon wafer 1060 
was equally divided into four, the detector-detecting 
electrodes 1222, 1322, 1422, 1522 corresponded to the four 
divided regions. The detector-detecting electrodes 1222, 
1322, 1422, 1522 are disposed in parallel to a bottom face 
of the semiconductor silicon wafer 1060. 

With this structure, it is possible to detect, from 
output voltages respectively corresponding to the sensor 
electrodes 1020, 1030, 1040 and 1050, not only whether or not 
there exists the semiconductor silicon wafer 1060, but also 
whether the semiconductor silicon wafer 1060 is disposed on 
a right position on the arm 1010, and whether or not the 
semiconductor silicon wafer 1060 is deviated to an abnormal 
position. Further, it is also possible to detect warpage and 



bend of the semiconductor silicon wafer 1060 from a balance 
of the plurality of output voltages. An abnormality of the 
semiconductor silicon wafer 1060 such as the warpage can also 
be detected simultaneously with the transfer operation of the 
wafer, which reduces the costs - 

Referring to Fig. 5, one concrete example of the 
transfer arm 1010 having the wafer-detecting function of the 
present embodiment will be explained while taking the case 
of the sensor electrode 1020. A width "a" of the electrode 
introducer-shield electrode 1211 was set to 5 mm, a width "b" 
of the shield electrode 1023 was set to 1 mm, a width "d" of 
the electrode introducer-detecting electrode 1221 was set to 
2 mm, a distance "c" between the electrode introducer- shield 
electrode 1231 and the electrode introducer-detecting 
electrode 1221 was set to 0.5 mm, a diameter "f" of the 
detector-detecting electrode 1222 was set to 10 mm, an outer 
diameter "g" of the detector- shield electrode 1232 was set 
to 14 mm, a width "e" of the electrode introducer- shield 
electrode 1241 was set to 5 mm, and a diameter "h" of the 
detector- shield electrode 1242 was set to 14 mm. Sizes of 
corresponding parts of the sensor electrodes 1030, 1040 and 
1050 are the same as those of the sensor electrode 1020. A 
thickness of each of the insulator layers 1012 to 1016 is 0.5 
mm , 



Output voltages of C/V conversion devices 1101 to 1104 
when the semiconductor silicon wafer 1060 is normally mounted 
on the transfer arm 1010 having the wafer-detecting function 
as shown in Fig, 6A are substantially the same, but when the 
position of the semiconductor silicon wafer 1060 is deviated 
as shown in Fig.6B, if the semiconductor silicon wafer 1060 
is not located over the circular detector-detecting electrode 
1222, the output voltage is substantially the same as that 
when no semiconductor silicon wafer 1060 is mounted over the 
transfer arm 1010 having the wafer-detecting function. When 
the semiconductor silicon wafer 1060 exists only over a 
portion of a circular detector-detecting electrode 1522, the 
output voltages become intermediate output voltages of the 
above two values . 

As described above, since the C/V conversion devices 
1101 to 1104 used in the present embodiment are sensor circuits 
which can detect the electrostatic capacitance with high 
precision, the sensors may not be very sensitive, and the 
electrode structure can be simplified. Thus, the transfer 
arm 1010 having the wafer-detecting function may be provided 
with the detecting electrodes 1022, 1032, 1042 and 1052 only, 
and even if only one of the shield electrodes 1021 ( 1031 , 1041 ) , 
1023 (1033, 1043) and 1024 (1034, 1044) is provided, the 
performance of the arm is enhanced. Therefore, the arm can 
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be formed by providing a detecting electrode and a shield 
electrode on one face of only one ceramics substrate to form 
the arm, and the arm can be formed also by baking electrodes 
on both faces of one ceramics substrate. 

In the present embodiment, the four C/V conversion 
devices are used, the sensor electrode 1020 is connected to 
the C/V conversion device 1101, the sensor electrode 1030 is 
connected to the C/V conversion device 1102, the sensor 
electrode 1040 is connected to the C/V conversion device 1103, 
and the sensor electrode 1050 is connected to the C/V 
conversion device 1104. Instead of this structure, one C/V 
conversion device may be used, and the connection to the sensor 
electrodes 1020, 1030, 1040 and 1050 may be switched using 
a multiplexor. In such a case, all the shield lines for the 
sensor electrodes 1020, 1030, 1040 and 1050 may be connected 
to a shield of the C/V conversion device, or may be switched 
using the multiplexor. 

The transfer arm 1010 having the wafer-detecting 
function of the present embodiment can be used for a wafer 
transfer apparatus and a semiconductor manufacturing 
apparatus . 

(3rd embodiment) 

Fig. 7 is a schematic partial plan view for explaining 



a transfer arm having a semiconductor wafer-detecting 
function of the third embodiment. Figs. 8A, 8B, 8C 8D and 
8E are schematic partial plan views for explaining 
modifications of the transfer arm having the semiconductor 
wafer-detecting function of the third embodiment. 

In the third embodiment, an insulator 1011 made of 
alumina-based ceramics is integrally provided thereon with 
a detecting electrode 1070. The detecting electrode 1070 
comprises a detector-detecting electrode 1071 for detecting 
a to-be detected object, and an electrode introducer- 
detecting electrode 1072 for introducing an electrode to the 
detector-detecting electrode 1071. The detector-detecting 
electrode 1071 includes an opening 1073 therein, and an outer 
periphery of an arc portion of the detector-detecting 
electrode 1071 is the same as an outer periphery of a 
semiconductor silicon wafer 1060. An area of the electrode 
of the detector-detecting electrode 1071 is equal to or less 
than one-tenth of an area of a bottom face of the semiconductor 
silicon wafer 1060. The electrode introducer-detecting 
electrode 1072 is connected to an inverse input terminal of 
an operational amplifier of a Z/V conversion device (used as 
the C/V conversion device in the present embodiment) which 
will be explained later. 

If the semiconductor silicon wafer 1060 is deviated from 



its normal mounting position, since a portion of the 
detector-detecting electrode 1071 is exposed from the 
semiconductor silicon wafer 1060 and a «e<a^»cb^^9i^5f|^ i s varied, 
it is possible to detect a deviation of the position of the 
semiconductor silicon wafer 1060 . In the present embodiment , 
since the area of the electrode of the detector-detecting 
electrode 1071 which detects the to-be detected object is 
sufficiently smaller than (equal to or smaller than one-tenth) 
the area of the bottom face of the semiconductor silicon wafer 
1060 which is the object to be derected, the deviation of the 
position can be detected with high precision. 

The detector-detecting electrode may be a spiral 
detector-detecting electrode 1081 as shown in Fig. 8A, or may 
be mult iple-ring- like detector-detecting electrodes 1091 to 
1093 as shown in Fig. 8B. The detector-detecting electrode 
1081 and the detector-detecting electrodes 1091 to 1093 are 
connected to the inverse input terminal of the operational 
amplifier of the Z/V conversion device (used as the C/V 
conversion device in the present embodiment) which will be 
explained later respectively through an electrode 
introducer-detecting electrode 1082 and an electrode 
introducer-detecting electrode 1094 . 

Further, the shield electrode may come inside the 
detector-detecting electrode and may be connected thereto 



through a through hole or the like. For example, a disc- 
like shield electrode 1133 may be provided in a ring-like 
detector-detecting electrode 1131 as shown in Fig. 8C, or a 
ring-like shield electrode 1143 may be provided in a ring-like 
detector-detecting electrode 1141 as shown in Fig. 8D. These 
shield electrodes 1133 and 1143 are connected to the non- 
inverse input terminal of the operational amplifier of the 
Z/V conversion device (which is used as the C/V conversion 
device in the present embodiment) which will be explained 
latter through the through hole or the like provided in the 
insulator 1011. The detector-detecting electrodes 1131 and 
the 1141 are connected to the inverse input terminal of the 
operational amplifier of the Z/V conversion device (which is 
used as the C/V conversion device in the present embodiment) 
which will be explained latter respectively through the 
electrode introducer-detecting electrode 1132 and the 
electrode introducer- detecting electrode 1142. 

Further, a detector- shield electrode 1161 may be 
disposed outside of a ring-like detector-detecting electrode 
1151 as shown in Fig. 8E. The detector-detecting electrode 
1151 is connected to the inverse input terminal of the 
operational amplifier of the Z/V conversion device (which is 
used as the C/V conversion device in the present embodiment) 
which will be explained latter through an electrode 
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introducer-detecting electrode 1152. The detector- shield 
electrode 1161 is connected to the non-inverse input terminal 
of the operational amplifier of the Z/V conversion device 
(which is used as the C/V conversion device in the present 
embodiment) which will be explained latter through electrode 
introducer- shield electrodes 1162 disposed on both sides of 
the electrode introducer-detecting electrode 1152. 

Further, shield electrodes shielding the electrode 
introducer-detecting electrodes 1072, 1082, 1094, 1132, 1142 
and 1152, exposing the detector-detecting electrodes 1071, 
1081, 1091 to 1093, 1131 and 1141 and being connected to the 
non-inverse input terminal of the operational amplifier of 
the Z/V conversion device (which is used as the C/V conversion 
device in the present embodiment) which will be explained 
latter, may be provided on upper layers or lower layers of 
the detector-detecting electrodes 1071, 1081, 1091 to 1093, 

1131 and 1141. Further, shield electrodes shielding both the 
electrode introducer-detecting electrodes 1072, 1082, 1094, 

1132 , 1142 and 1152 and the detector-detecting electrodes 1071 , 
1081, 1091 to 1093, 1131 and 1141 and being connected to the 
non-inverse input terminal of the operational amplifier of 
the Z/V conversion device (which is used as the C/V conversion 
device in the present embodiment) which will be explained 
latter, may be provided on upper layers or lower layers of 



the detector-detecting electrodes 1071, 1081, 1091 to 1093, 
1131 and 1141. These two kinds of shield electrodes may 
respectively be provided on the upper and lower layers of the 
detector-detecting electrodes 1071, 1081, 1091 to 1093, 1131 
and 1141. 

In the present embodiment, it is preferable that an 
electrode area of each of the detector-detecting electrodes 
1071, 1081, 1091 to 1093, 1131 and 1141 is equal to or less 
than one- tenth of an area of a bottom face of the semiconductor 
silicon wafer 1060. It is also preferable that when the 
semiconductor silicon wafer 1060 is normally mounted, all the 
detector-detecting electrodes 1071, 1081, 1091 to 1093, 1131 
and 1141 are covered with the semiconductor silicon wafer 1060 , 
or a sufficiently large area (equal to or greater than 
nine-tenths of the entire area) of the detector-detecting 
electrodes 1071, 1081, 1091 to 1093, 1131 and 1141 is covered 
with the semiconductor silicon wafer 1060. It is preferable 
that outermost peripheries of the detector-detecting 
electrodes 1071, 1081, 1091 to 1093, 1131 and 1141 are equal 
to or smaller than an outer periphery of the semiconductor 
silicon wafer 1060. 

It is preferable that when a bottom face of the 
semiconductor silicon wafer 1060 is divided into a plurality 
of sub-regions such that areas of the sub-regions are equal 
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to each other, the detector-detecting electrodes 1071, 1081, 
1091 to 1093, 1131 and 1141 are disposed to be opposed to all 
of the plurality of sub-regions. 

The manufacturing method of the present embodiment is 
the same as that of the second embodiment. 

As a material for the insulator 11 of the first 
embodiment, and the insulator 1011 of the second and third 
embodiments, a heatproof material used in semiconductor 
manufacturing process such as resin and ceramic is preferably 
used . 

Further, it is preferable that each of electrodes in 
the first to third embodiments is covered with an insulator 
layer such as resin and ceramic. This is because that the 
electrodes are prevented from being deteriorated under high 
temperature conditions . 

Next, referring to Figs. 9 to 14, a structure of the 
Z/V conversion device (which is used as the C/V conversion 
device in the first to third embodiments) used in the first 
to third embodiments will be explained in detail. 

Fig, 9 is a circuit diagram schematically showing a 
first example of the Z/V conversion device according to the 
first to third embodiments. In Fig. 9, an operational 
amplifier 1 has extremely great impedance and gain. A 
feedback impedance element 3 is connected between an output 



terminal 2 and an inverse input terminal ( - ) of the operational 
amplifier 1 to form a negative feedback loop to the operational 
amplifier 1. An alternating-current (AC ) signal generator 4 
for generating an alternating voltage is connected to a 
non-inverse input terminal (+) of the operational amplifier 
1, and one end of a signal line 5 is connected to the inverse 
input terminal (-) of the operational amplifier 1. A 
detecting electrode 61 (the detecting electrode 32 in the 
first embodiment, the detecting electrodes 1022, 1032, 1042 
and 1052 in the second embodiment, and the detecting electrode 
107 0 and the detector- detect ing electrodes 1081, 1091 to 1093, 
1131, 1141 and 1151 in the third embodiment) for detecting 
on impedance component of unknown value, i.e., an impedance 
component to be detected (an object) 6, is connected to the 
other end of the signal line 5. The other electrode 62 of 
the object 6 is grounded , fixed to a constant DC bias potential , 
or brought into a floating state - 

An AC bias can be applied to the other electrode 62, 
but in such a case, mathematical analysis of the output voltage 
of the operational amplifier 1 becomes complicated. 

The signal line 5 is surrounded by a shield 7 so that 
unnecessary signal from outside such as a noise is prevented 
from being induced to the signal line 5. The shield 7 
comprises one shield layer, and is not grounded but connected 



to the non-inverse input terminal {+) of the operational 
amplifier 1. The shield electrodes 21, 31, and 41 are 
connected to the shield 7 in the first embodiment, the shield 
electrodes 1021, 1023, 1024, the shield electrodes 1031, 1033, 
1034, the shield electrodes 1041, 1043, 1044 and the shield 
electrodes 1051, 1053, 1054 are connected to the shields 7 
of the C/V conversion devices 1101 to 1104 respectively in 
the second embodiment, and the shield electrodes 1133, 1143 
or 1160 is connected to the shield 7 in the third embodiment. 

A negative feedback is applied to the operational 
amplifier 1 through the feedback impedance element 3, and the 
operational amplifier 1 has the extremely great impedance and 
gain. Therefore, the inverse input terminal (-) and the 
non-inverse input terminal (+) of the operational amplifier 
1 are in the imaginary short state, and the potential 
difference therebetween is substantially zero. Thus, since 
the signal line 5 and the shield 7 are at the same potential, 
a stray electrostatic capacitance generated between the 
signal line 5 and the shield 7 can be canceled. This fact 
is established irrespective of a length of the signal line 
5. Therefore, even if the stray electrostatic capacitance 
generated between the signal line 5 and the shield 7 by moving, 
bending or folding the signal wire 5 is varied, the output 
voltage is not varied. 



An AC output voltage of the AC signal generator 4 is 
represented by Vi , an impedance component to be detected, i.e., 
impedance value of the object 6 to be detected is represented 
by Zx, a current flowing through the object 6 is represented 
by ii, a known impedance value of the feedback impedance 
element 3 is represented by Zf , a current flowing through the 
feedback impedance element 3 is represented by ij, a voltage 
of the inverse input terminal (-) of the operational amplifier 
1 is represented by Vm, and an output voltage of the 
operational amplifier 1 is represented by Vo . Since the two 
input terminals of the operational amplifier 1 are in the 
imaginary short state as described above, the voltage Vm of 
the inverse input terminal (-) is at the same potential as 
the AC signal output voltage Vi of the AC signal generator 
4. That is, Vi=Vm- 

Further, the following equations are established: 

ii=-Vm/Zx=-Vi/Zx 

i2-{Vm-Vo) /Zf = ( Vi-Vo) /Zf . 

Here, since i^ is equal to ±2' output voltage Vo of 

the operational amplifier 1 is obtained by the following 
equation ( 1 ) : 

Vo=Vi( 1+Zf /Zx) ( 1 ) . 

The equation (1) shows that the operational amplifier 
1 outputs an AC voltage which is varied depending upon the 



impedance value Zx. 

From the above facts, it can be found that the a portion 
( a block 8 surrounded by a chain line in Fig . 9 ) including 
the signal line 5, the shield 7, the AC signal generator 4, 
the operational amplifier 1 and the feedback impedance element 
3 constitute the Z/V conversion device which converts the 
impedance Zx of the object 6 connected to the other end of 
the signal line 5 into the corresponding voltage Vo- 
lt should be noted that since the inverse and non- 
inverse input terminals of the operational amplifier 1 are 
in the imaginary short state, the stray electrostatic 
capacitance generated between the signal line 5 and the shield 
7 does not appear between the two input terminals of the 
operational amplifier 1, For this reason, the output voltage 
Vo of the operational amplifier 1 does not include at all a 
term relating to the stray electrostatic capacitance 
generated between the signal line 5 and the shield 7, and 
therefore, even if the impedance Zx of the object 6 is very 
large, a voltage Vo only corresponding to this very large 
impedance Zx is output from the operational amplifier 1. 

The output voltage of the operational amplifier 1 is 
represented by the above equation (1), and the impedance Zf 
of the feedback impedance element 3 and the frequency and 
amplitude of the AC signal Vi are known in the equation (1). 



A frequency of the AC output voltage Vo of the operational 
amplifier 1 is the same as that of the AC signal Vi , and the 
amplitude can be obtained by detecting a peak value of the 
output of the operational amplifier 1. Therefore, the 
impedance value Zx can be obtained by calculating the equation 
(1) backward. For example, if the impedance Zx of the object 
6 is they^s ^p' a r€>sbfey component Cx, the relation between Cx and 
the amplitudes of Vo were as shown in a graph shown in Fig. 
10. It is also possible to obtain the impedance value Zx by 
retrieving a function table in which the relation between Zx 
and Vo was previously stored. 

Further, the AC output voltage Vo is supplied to an 
appropriate circuit to generate a DC voltage Vdd corresponding 
to the AC output voltage, and the impedance value Zx can be 
obtained based on the DC voltage Vdd obtained by the circuit. 
As the circuit for generating the DC voltage Vdd, an arbitrary 
AC-DC conversion circuit such as a rectifier smoothing circuit 
can be employed- If necessary, the AC-DC conversion may be 
carried out after the output voltage Vo was amplified. 

By combining the block 8 surrounded by the chain line 
in Fig. 9 and the processing circuit for obtaining the 
impedance Zx from the output voltage Vo of the operational 
amplifier 1 or the DC voltage Vdd corresponding to the output 
voltage Vo , the impedance value Zx of the object 6 can be 



detected . 

In the first example shown in Fig. 9, the shield 7 can 
be a pipe-like shield. Alternatively, the shield 7 can be 
formed into a single-layer mesh structure by weaving thin 
metal strips so as to provide a coaxial cable with flexibility 
comprising the signal line 5 and the shield 7. 

However, when the shield 7 is formed into the 
single-layer mesh structure, if the frequency of the AC signal 
generator 4 is increased to high frequency, there is an adverse 
possibility that high frequency signals are leaked from the 
signal line 5 through fine holes of the shield 7, and this 
affects the AC output voltage Vo . Further, disturbance noise 
of high frequency may not be cut off by the shield 7 and may 
be transmitted to the signal line 5, and in this case also, 
this affects the AC output voltage Vo . When a person touches 
such a coaxial cable with his or her hand, the output voltage 
Vo from the operational amplifier 1 may be varied. 

Fig. 11 shows a second example of the Z/V conversion 
device according to the first to third embodiments in which 
the Z/V conversion can be carried out even when the shield 
is formed into the mesh structure and provided with 
flexibility. In Fig. 11, the same elements as those of the 
first example shown in Fig. 9 are designated by the same 
reference numerals. The second example is different from the 



first example in that the shield is formed into a double- 
layer mesh structure comprising an inner shield (first shield 
layer) 71 and an outer shield (second shield layer) 72 both 
connected to the non-inverse input terminal of the operational 
amplifier 1. 

In the second example, since the shield is formed into 
the double-layer mesh structure, the diameter of the hole of 
the shield is small as compared with that of the shield of 
the single-layer mesh structure. Therefore, even if the 
frequency of the AC signal generator 4 is high, the leaking 
amount of signals from the signal line 5 to the shields 71 
and 72 is reduced, the influence of the noise from outside 
is also reduced and thus, it is possible to obtain the output 
voltage Vo which precisely corresponds to the impedance Zx 
to be detected. For example, in the first and second 
embodiments, when the shield is formed into the single-layer 
mesh structure and a electrostatic capacitance is detected 
at a frequency of about 1 MHz, if a person touches the coaxial 
cable with his or her hand a variation in output of about 
hundreds ppm is generated, but if the shield is formed into 
the double-layer mesh structure, almost no variation is 
generated even if the hand touches the coaxial cable. 

Figs. 12A and 12B show results of an experiment when 
the first and second example were used as a moisture meter 



48 



and influence of noise caused by the shield of single structure 
and the shield of the double structure were verified. In this 
experiment, an AC signal Vi of 1 MHz was generated by the AC 
signal generator 4, an influence appearing in the output 
voltage Vo caused by intermittently touching the coaxial cable 
with a hand was detected. 

As apparent from Figs. 12A and 12B, in the case of the 
first example employing the single-layer mesh structure, 
great noises were superposed in the output voltage Vo at 
periods T^^, and T3 during which the hand touched coaxial 
cable, but noises were not superposed in the output voltage 
in the second example employing the double- layer mesh 
structure. Therefore, it was verified that when the shield 
was formed into the double-layer mesh structure , the influence 
of noise was able to be reduced to almost zero. 

Fig. 13 shows a third example of the Z/V conversion 
device according to the first to third embodiments. The third 
example is different from the second example in that although 
the shield is formed into the double-layer structure and the 
inner shield 71 is connected to the non-inverse input terminal 
of the operational amplifier 1 as in the second example, the 
outer shield 72 is grounded. 

If the outer shield 72 is grounded as in the third example , 
i n t e r 1 ay e r ^oc y p dcjj^yy ', i.e., parasitic -e«pde^-fe^fcOf 1000 pF/m 



or greater is generated between the inner shield 71 and the 
outer shield 72, and if the length of the coaxial cable (the 
signal line 5 and the inner and outer shields 71 and 72) is 
increased, the parasit iCy^e-a^ar 1 t,y is increased. Further, if 
the frequency of the AC signal generator 4 is increased, 
impedance of the parasitic jpi^^CT-fey is reduced, and the 
leakage of signal is increased. Therefore, it is preferable 
that the third example is employed when the detecting 
electrode 61 and the operational amplifier 1 are disposed 
relatively closely to each other and the coaxial cable is 
relatively short, and when the frequency of the AC signal 
generator 4 is relatively low. 

In the first to third example according to the first 
to third embodiments, it is preferable that the signal line 
5 is entirely shielded by the shield 7, or the inner and outer 
shields 71 and 72. However, only a portion (10% or more) of 
the signal line 5 may be shielded depending upon a usage state. 
It is more effective to shield not only the signal line 5 but 
also all the devices except the detecting electrode 61. 

In the first to third embodiments, the impedance 
component of the object 6 to be detected can be any kind of 
impedance component such as a resistance, a capacitor and a 
coil . 

When an electrostatic capacitance element Cx is used 



as the impedance component to be detected, the conversion 
device of the first to third examples is a electrostatic 
capacitance- voltage conversion device, and a electrostatic 
capacitance sensor is constituted. In this case, the 
electrode 62 (or an electrode corresponding thereto) which 
is not connected to the signal line 5 of the electrostatic 
capacitance element Cx is grounded, or set to an appropriate 
bias potential, or released into space. 

It is preferable that a capacitor is employed as the 
■'i feedback impedance element 3 when the impedance component to 

be detected of the object of measurement is an electrostatic 
capacitance component, a resistance or the capacitor is 
employed as the feedback impedance element 3 when the 
^0 impedance component of the object is a resistance component, 

Q and one of a coil, a resistance and a capacitor that has most 

excellent S/N ratio is employed as the feedback impedance 
element 3 when the impedance component of the object is an 
inductive component. When the feedback impedance element 3 
and the impedance component of the object have the same 
characteristics, noise is further reduced in many cases. 

A combination of different characteristics may be 
employed of course. For example, as shown in Fig. 12, when 
the object 6 is the electrostatic capacitance component Cx , 
a resistance may be employed as the feedback impedance element 
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3 . Since the resistance is used as the feedback impedance 
element is used, it is easy to form the operational amplifier 
and the feedback resistance as one chip. In this case, when 
angular frequency of an output of the AC signal generator 4 
is represented by co and a resistance value of the feedback 
impedance element 3 is represented by Rf , the output voltage 
Vo can be expressed from the equation (1) as follows: 
Vo=Vi( 1 + jcoRf xCx) (2) . 

A parallel circuit of a resistance and a capacitor and 
the like may be employed as the feedback impedance element 
3. The feedback impedance element 3 is not limited to this 
only, and an arbitrary combination is also possible - 

As apparent from the equation (1), connected position 
of the feedback impedance element 3 and the object 6 may be 
exchanged. That is, the object to be detected may be 
connected between the inverse input terminal and the output 
terminal of the operational amplifier 1, and the impedance 
element or circuit of known value may be connected to one end 
of the signal line 5. In this case, it is necessary to shield 
the two lines respectively connecting between the two 
detecting electrodes of the impedance component to be detected 
and the inverse input terminal and the output terminal of the 
operational amplifier 1 - 

Further, the feedback impedance element 3 may also be 



an unknown Impedance value. In this case, since both Zf and 
Zx in the right side of the equation (1) are unknown values, 
the output voltage Vo becomes a voltage value corresponding 
to a ratio of Zf to Zx (=Zf/Zx). 

On the other hand, in the Z/V conversion device shown 
in Fig. 14, when the feedback impedance element 3 is also an 
unknown resistance component and both the resistance 
component and the electrostatic capacitance component of the 
iD object 6 are linearly varied with respect to a variation Y 

(e.g., a pressure, a temperature or the like), a value 
Zf /Zx= jcoCxRf of a ratio of these impedances is varied in 

a-s:? 

accordance with the variation Y, and an output voltage Vo 
( =Vi( 1 + Zf /Zx) =Vi{ + jcoCxRf ) ) which is varied in correspondence 
with the variation Y is obtained. 
□ Here, even if the two unknown impedance components are 

not linearly varied with respect to a certain variate Y, it 
is possible to linearly vary the output voltage Vo with respect 
to the variate Y, and on the contrary, even if each of the 
two impedance components are linearly varied with respect to 
the variate Y, it is possible to non-linearly vary the output 
voltage Vo . 

Since the Z/V conversion device used in the first to 
third embodiments is structured as described above, the 
following effects can be obtained. 
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m 



(1) 



Since the signal wire connected to the impedance 



component to be detected of the object and the shield for 
surrounding the signal line are at the same potential by the 
imaginary short of the two input terminals of the operational 
amplifier, a voltage relying only on the value of the impedance 
component to be detected without being influenced by the 



shield. Therefore, even if the impedance value is very large, 
the Z/V conversion can be carried out with high precision. 
(2) Even if one of electrodes of the impedance component 
to be detected is biased to a certain potential, a voltage 
corresponding to that impedance value can be obtained. 



(3) By forming the shield into the double mesh structure, 
not only the coaxial cable comprising the signal line and the 
shield can be provided with the flexibility, but also the 
leakage of signal from the signal line and the diffraction 
of noise from outside can be reduced and therefore, the Z/V 
conversion can be carried out with higher precision 

(4) When the impedance component to be detected is used as 
the feedback impedance circuit, an output voltage 
corresponding to an impedance ratio of the two impedance 
components to be detected can be obtained with high precision 
without being influenced by the parasitic capacity of the 
signal line. 




between the signal line and the 



54 



(5) Even if the length of the signal line is increased, since 
the signal line is not influenced by the parasitic -e-afraetty^ 
formed between the signal line and the shield, it is possible 
to measure very large impedance with high precision. 

Since the Z/V conversion device having excellent 
characteristics as described above is used for the transfer 
arms 10, 1010 having the wafer- detect ing functions, even if 
the structure of the transfer arm having the wafer- detecting 
function is simple, the semiconductor wafer can be detected 
with high precision in the first embodiment, deviation, 
warpage and bending of the semiconductor wafer can be detected 
with high precision in the second embodiment, and deviation 
of the semiconductor wafer can be detected with high precision 
in the third embodiment. 

Although the transfer arm having the wafer-detecting 
function for a semiconductor wafer is explained as the first 
to third embodiments, the present invention can preferably 
be applied to a transfer arm for manufacturing a liquid crystal 
display element for a glass substrate for forming the liquid 
crystal display element, or other transfer arms having a 
subject-detecting function, a wafer transfer apparatus 
having the transfer arm having the subject -detecting function , 
a semiconductor manufacturing apparatus having the transfer 
arm having the subject-detecting function, a substrate 



transfer apparatus for manufacturing a liquid crystal display 
element having a transfer arm provided with a substrate- 
detecting function for a glass substrate and the like for 
forming the liquid crystal display element, and a liquid 
crystal display element manufacturing apparatus having a 
transfer arm provided with substrate-detecting function for 
manufacturing the liquid crystal display element. 

Although various exemplary embodiments and examples 
have been shown and described, the invention is not limited 
to the embodiments and examples shown. Therefore, the scope 
of the invention is intended to be limited solely by the scope 
of the claims that follow. 
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